The purpose of this paper is to introduce second order (K, F)-pseudoconvex and second order strongly (K, F)-pseudoconvex functions which are a generalization of cone-pseudoconvex and strongly cone-pseudoconvex functions. A pair of second order symmetric dual multiobjective nonlinear programs is formulated by using the considered functions. Furthermore, the weak, strong and converse duality theorems for this pair are established. Finally, a self duality theorem is given.
Introduction
Duality is an important concept in the study of nonlinear programming. Symmetric duality in nonlinear programming in which the dual of the dual is the primal was first introduced by Dorn [1] . Subsequently Dantzig et al. [2] established symmetric duality results for convex/concave functions with nonnegative orthant as the cone. The symmetric duality result was generalized by Bazaraa and Goode [3] to arbitrary cones. Kim et al. [4] formulated a pair of multiobjective symmetric dual programs for pseudoinvex functions and arbitrary cones. The weak, strong, converse and self duality theorems were established for that pair of dual models.
The study of second order duality is significant due to the computational advantage over first order duality as it provides tighter bounds for the value of the objective function when approximations are used (see Hou and Yang [5] , Yang et al. [6, 7] , Yang et al. [8] ).
Hou and Yang [5] introduced a pair of second order symmetric dual non-differentiable programs and second order F-pseudoconvex and proved the weak and strong duality theorems for these second order symmetric dual programs under the F-pseudoconvex assumption. Suneja et al. [9] formulated a pair of multiobjective symmetric dual programs over arbitrary cones for cone-convex functions. The weak, strong, converse and self-duality theorems were proved for these programs. Yang et al. [6] formulated a pair of Wolf type non-differentiable second order symmetric primal and dual problems in mathematical programming. The weak and strong duality theorems were established under second order F-convexity assumptions. Symmetric minimax mixed integer primal and dual problems were also investigated. Khurana [10] introduced cone-pseudoinvex and strongly cone-pseudoinvex functions, and formulated a pair of Mond-Weir type symmetric dual multiobjective programs over arbitrary cones. The duality theorems and the self-dual theorem were established under these functions. Yang et al. [8] proved the weak, strong and converse duality theorems under F-convexity conditions for a pair of second order symmetric dual programs. Yang et al. [7] established various duality results for nonlinear programming with cone constraints and its four dual models introduced by Chandra and Abha [11] .
In this paper, we present new definitions dealing with second order (K, F)-pseudoconvex and second order strongly (K, F)-pseudoconvex functions which are a generalized of cone-pseudoconvex and strongly cone-pseudoconvex functions. We suggest a pair of multiobjective nonlinear second order symmetric dual programs. Moreover, we establish the duality theorems using the above generalization of cone-pseudoconvex functions. Finally, a self-duality theorem is given by assuming the skew-, symmetric of the functions.
Notations and Definitions
The following conventions for vectors in R n will be used: , 1,2, ,
A general multiobjective nonlinear programming problem can be expressed in the form:
where : a n d :
Recall the following three definitions aiming to give the desired definition (i.e., Definition 5).
, ;
For notational convenience, we write
Let K be a closed convex pointed cone in with
Definition 3. [4, 10, 12] The polar cone
Now, we are in position to give our definitions of second-order (K, F)-pseudoconvex functions and secondorder strongly (K, F)-pseudoconvex functions.
Definition 5. The function f is said to be second-order
and the function f is said to be second-order strongly
the second-order strongly (K, F)-pseudoconvex functions and second-order (K, F)-pseudoconvex functions reduce to strongly Kpseudoinvex functions and K-pseudoinvex functions defined by Khurana [10] .
Remark 2. Every second-order strongly (K, F)-pseudoconvex function is second-order (K, F)-pseudoconvex but converse is not necessarily true as can be seen from the following example.
Example 1. Let
The following example show that a function which is second-order strongly (K, F)-pseudoconvex but not second-order F-pseudoconvex where K is a closed convex cone.
Example 2. Let 
We formulate the following multiobjective nonlinear symmetric dual problems: Observe that if then (SP) and (SD) becomes (P) and (D) given by Khurana [8] , respectively. 0, p r  
Symmetric Duality
Now, we establish the symmetric duality theorems for the problems (SP) and (SD) as follows.
Theorem 1. (Weak duality). Let ( , , , )
x y p  be feasible solution for the problem (SP) and ( , , , ) u v r  be feasible solution for the problem (SD). Suppose there exist sublinear functionals : , ,
This gives
In a similar fashion,
for the vector
interiors in R m and R k , respectively, we will make use the following proposition which gives generalized form of Fritz-John optimality conditions established by suneja et al. [9] for a point to be a weak minimum point of the following multiobjective nonlinear programming problem: (MONLP):
is second-order (K, G)-pseudoconvex at y), we have
. (9) Definition 6. [6, 8] A point x X  is said to be a weak minimum point of (MONLP) if for every x X  ,
Adding (8) and (9), we get
Proposition. [9] . If x X  is a weak minimum point of (MONLP), then there exist K (7). Hence, the result follows for (1).
(2) From (*) and since the function is second-order strongly (K, F)-pseudoconvex at u, we get is nonsingular, Also, from (**) and since the function is second-order strongly (K, G)-pseudoconcave at y (i.e., is second-order strongly (K, G)-pseudoconvex at y), we get this contradicts (7) . Hence, the result follows for (2) . Therefore, the proof is completed. Suppose not, then there exists a feasible solution
